Gluteal muscle contracture is a clinical syndrome that involves contracture and distortion of the gluteal muscles and fascia fibers due to multiple causes. Physical examination demonstrates a characteristic gait due to hip adduction and internal thigh rotation. This study introduces a new minimally invasive method for surgical release of gluteal muscle contracture. Patients with gluteal muscle contracture were assigned to 4 categories: type A, contracture occurred mainly in the iliotibial tract; type B, contracture occurred in the Iliotibial tract and gluteus maximus; type C1, movement of the contraction band was palpable and a snapping sound was audible during squatting; and type C2, movement of the contraction band was not palpable or almost absent and a snapping sound was audible during squatting. This classification method allowed prediction of the anatomic location of these pathological contractures and determination of the type of surgery required. Four critical points were used to define the operative field and served as points to mark a surgical incision smaller than 4 mm. The contracture was easily released in this carefully marked operative field without causing significant neurovascular damage. Over a period of 5 years, between March 2003 and June 2008, the authors treated 1059 patients with this method and achieved excellent outcomes. Most patients were fully active within 12 weeks, with the assistance of an early postoperative rehabilitation program. The most significant complication was a postoperative periarticular hematoma, which occurred in 3 patients within 10 days postoperatively and required surgical ligation of the bleeding vessel.
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G luteal muscle contracture is a clinical syndrome characterized by fibrosis and contracture of the gluteal muscles and their associated soft tissues. These changes lead to a limitation of hip movement and, in some cases, anatomical deformity. [1] [2] [3] [4] Gluteal muscle contracture was first reported by Valderrania 2 at a scientific meeting of the British Orthopedic Association in London in 1969. Intraoperatively, fibrous contraction bands were found in the skin, subcutaneous tissue, gluteus maximus, gluteus medius, gluteus minimus, other external rotators, and joint capsule. 1, 2, 4 Pathologic examination showed that the resected tissue was fibrous, similar to that of a normal tendon, with all fibers essentially parallel. 4 Gluteal muscle contracture, either congenital or acquired, is more common in Asian than Caucasian patients. 3 Patients with gluteal muscle contracture typically present with fixed hip abduction and external rotation when squatting from the standing position. Physical therapy involving stretching exercises is usually prescribed for nonoperative management. Once contractures are established, exercises to stretch the shortened muscles do not work unless the contraction bands are surgically divided. 3 Surgery for gluteal muscle contracture mainly involves division of the fibrotic contraction bands, allowing normal relaxation of the gluteal muscles.
2 A procedure to systematically identify these fibrotic bands has not been described.
Traditionally, contracture release was performed through a 6-to 8-cm incision in the affected hip. The resulting surgical trauma contributed to hematoma formation, wound complications, slow postoperative recovery, 3, 4 and unsightly scarring. In a series of 187 patients treated with the open excision method, severe cicatricial band formation occurred in 62 patients, hematoma in 6, wound infection in 3, and wound dehiscence in 1. 5 The traditional open excision method involved a long incision or skin grafting that could restrict mobility of the skin. Postoperative pain from the sutures and long incision and patient fear of opening the wound with movement can impede postoperative rehabilitation. Patients requiring Z-lengthening of the fibrous contracture of the iliotibial tract have been reported to need 1 to 3 months to achieve full range of active hip flexion postoperatively. 6 Hypertrophic scarring has also been frequently reported after traditional releasing incisions. 7, 8 Zhao et al 7 reported that 64 of 129 surgical patients developed hypertrophic scarring averaging 7 mm in width. Such hypertrophic or keloid scars in the buttock or thigh have a negative psychological effect on patients.
To avoid these problems, Liu et al 9 used an arthroscope introduced through a key-hole incision. Although arthroscopy may avoid a large skin wound and facilitate earlier rehabilitation after gluteal muscle contracture release, the technique itself has limitations. The key to gluteal muscle contracture release surgery is to divide the contraction bands that limit the normal range of movement of the affected hip. The procedure usually involves intraoperative assessment of the limited hip movement while the patient is under anesthesia. Once the fibrotic contraction bands responsible for the limitation of hip motion are identified, they are divided as the affected hip is gradually passively flexed, adducted, and internally rotated. However, as this happens, manipulation of the arthroscope within the artificial space created next to the greater trochanter becomes difficult. Gluteal muscle contracture (except type A) involves the external rotators of the hip or joint capsule, which are deep and difficult for the arthroscope to access effectively. The efficacy of arthroscopic surgery is limited by "deep contractures that are not reachable with an arthroscopic instrument" and "a small incision should be used." 8 The arthroscopic method requires a significant volume of normal saline to be infused into the operative field to cre- 
Materials and Methods
This study was approved by the Institutional Review Board of Changhai Hospital. All patients signed consent forms to participate in the study. The study conformed to the Declaration of Helsinki.
Participants were 487 men and 572 women with a mean age of 23 years (range, 8-43 years) at surgery. The patients included 1 brother and sister, 2 pairs of sisters, and 23 pairs of cousins. Gluteal muscle contracture involved both hips in 849 patients and 1 hip in 210 patients.
The contracted tissues included the skin, subcutaneous tissue, iliotibial tract, gluteus maximus and other external rotators, and joint capsule. 5 To achieve a satisfactory correction of the deformity, all contraction bands were divided. Location of the contractures was predicted by the clinical findings and the following gluteal muscle contracture classification, guiding the type of surgery required:
Type A: Contracture occurred mainly in the iliotibial tract. The patient could squat with knees closed together throughout the entire process of squatting (Figures 1A-C). A snapping sound was heard, and the movement of a fibrotic band (part of the iliotibial band) could be felt over the greater trochanter during squatting. ○ Type A1: The lower extremities could be fully crossed and overlapped on sitting ( Figure 1D ).
○ Type A2: The lower extremities could not be fully crossed and overlapped on sitting ( Figure 1E ). Type B: Contracture occurred in 2 of the following structures: the iliotibial tract and superficial and deep fasciae of the gluteus maximus. A snapping sound was heard, and the movement of a fibrotic band could be felt over the greater trochanter during squatting. In addition, the patient was unable to pull both knees together during squatting ( Figures 1A, F) . The affected hip abducted and rotated externally as the hip was flexed close to 90° (Figure 1F ). The knees could be pulled together after passing this point and the affected hip fully flexed ( Figure  1C ). The lower extremities could not be crossed or overlapped after sitting ( Figure 1G ). Type C: Contracture occurred not only in the abovementioned superficial structures, but also extended to the deep structures, including the gluteus medius, gluteus minimus, piriformis, and joint capsule. The knees turned outward when the patient was walking and could not be pulled together throughout the entire process of squatting ( Figures 1A, F, H) . The lower extremities could not be crossed or overlapped after sitting, similar to type B ( Figure 1G ). ○ Type C1: The movement of the contraction band was palpable, and a snapping sound was audible during squatting. ○ Type C2: The movement of the contraction band was not palpable or almost absent, and a snapping sound was audible during squatting, indicating significant adhesions between the contracted tissues. These adhesions more frequently occurred as a re- In patients with bilateral asymmetric gluteal muscle contracture, the pelvis would tilt to the more severely involved side, which would lead to an apparent leglength discrepancy and lumbar scoliosis. Ninety percent of these patients also had knee crepitus, which may have been the result of chronic stress of rotational misalignment of the knee joint as the patients attempted to adjust the outturned knee.
surgical technique
Although contracture release can be performed using general anesthesia, the current authors preferred lumbar spinal or epidural anesthesia. Epidural anesthesia had the least effect on the patients' general health.
Each patient was laid supine on the operating table. The surgical area of the subcutaneous tunnel, where the contraction bands were located, was defined before washing the patient. The affected hip was flexed, adducted, and internally rotated to the maximal possible degree. Using the palpation method (or a portable radiograph machine in obese patients), a horizontal line 3 cm inferior to the tip of the greater trochanter where it meets the posterior margin of the greater trochanter was defined as point A ( Figure  2A ). The tip of the greater trochanter was defined as point B (Figure 2A) . The hip was then extended to the neutral 0° position. Point C was located on the lateral hip 5 cm from the line joining the anterior superior iliac spine ( Figure 2B ). The lateral edge of the patella was defined as point D (Figure 2B ), which was 5 cm away from point C toward the knee. The surgical area was defined by the quadrilateral of the points A, B, C, and D ( Figure 2C ).
According to the anatomic locations, the contraction bands were classified in the following order: gluteus maximus, tensor fascia lata, iliac reinforcement beam, gluteus maximus muscle, gluteus minimus muscle, joint capsule, superficial and deep fascia, and skin. The assistant maintained the affected hip in the maximal possible degree of In the process of squatting, a snap sound can be heard, and the glide of a fibrotic band (part of the iliotibial tract) can be felt over the greater trochanter while squatting (B). Squatting (C). Type A1: Lower extremities can be fully crossed and overlapped (D). Type A2: Lower extremities cannot be fully crossed and overlapped (E). Type B: In the process of squatting, the affected hip abducts and externally rotates as the hip is flexed close to 90° (F), and the lower extremities cannot be crossed and overlapped on sitting (G). Type C: The knees cannot be kept together when squatting (H). 1B  1C  1D   1E  1F  1G  1H flexion, adduction, and internal rotation to place the majority of the contraction bands under tension ( Figure 3A) . This was the ideal position for division of most gluteal muscle contractures, except for contraction bands within the iliotibial tract. These were divided with the hip extended to the neutral 0° position and maximal hip adduction and internal rotation ( Figure 3B ). Point A was the entry point for division of contraction bands of the gluteus maximus and its associated subcutaneous tissue ( Figure 3A) . Point B was the entry point for division of contraction bands of the gluteus medius and lateral hip joint capsule ( Figure 3A ). Point C was the entry point for division of contraction bands of the tensor fascia lata, iliotibial tract, and their associated subcutaneous tissues ( Figure 3B ).
1A
Surgery was performed with a scalpel designed specifically for contracture release. A 333-mm incision was made. The cutting edge of the scalpel was directed toward the front of the patient when the incision was made from point A or B. For this approach, the incision did not extend past the line joining points C and D. This avoided injury to the femoral neurovascular bundle. When entry was made at point C, the cutting edge of the scalpel was directed to the back of the patient. For this approach, the incision did not extend past the line joining points A and B in the vertical plane. In this way, the scalpel was naturally stopped by the greater trochanter medially, avoiding injury to the sciatic nerve.
When no audible snapping sound or palpable movement of the contraction bands was detected, a volume of 60 to 100 mL of 1:250,000 iced adrenaline-saline solution was used to irrigate the wound 3 times, with a few mL left inside the wound deliberately. After release of the contralateral hip, an examination was performed on the operating table to see whether the hip could be fully flexed and extended and the knees pulled together ( Figure 4A ) and crossed over ( Figure  4B ) without audible snapping sounds or palpable movement of contraction bands over the greater trochanter. Release of a tight gluteal skin contracture in patients with type C2 gluteal muscle contracture was completed with numerous 3-mm skin incisions perpendicular to the longitudinal axis of the femur. The incisions were placed more than 3 mm apart ( Figure 4C ).
It is important to emphasize that another reason to maintain the intraoperative posture of maximal hip flexion, adduction, and internal rotation was to displace the contraction bands limiting the movement of the greater trochanter anterior to the posterior margin of the greater trochanter to ensure the safety of the surgery ( Figure  5 ). The sciatic nerve could not move anterior to the posterior margin of the greater trochanter because it was located behind the piriformis muscle. When the contracture extended to involve the structures posterior to the line joining points A and B, a postoperative rehabilitation program was required to achieve full range of motion. Structures like the piriformis muscle are usually flexible and do not exert significant resistance to movement. 
3A 3B Postoperative Rehabilitation
The patient was laid flat on the bed with the head slightly lowered for the first 3 hours postoperatively. The patient was allowed to flex the hip and knee joint and cross legs (either positively or passively) at 20-minute intervals as tolerated. The legs had to be crossed as much as possible to stretch out the released contracted muscles and minimize the possibility of postoperative hematoma formation. No further rehabilitation exercises were attempted on postoperative day 1. A rehabilitation program involving gradual full range of hip movement and stretching the previously contracted muscle was started on postoperative day 2. The patient was advised to avoid any injury to the surgical site for the first 3 weeks. Rehabilitation exercises, including strenuous rapid movement of the hip joint and greater stretching of the gluteal muscles, were introduced after the third week. The rehabilitation program was maintained for at least 6 months to achieve rapid recovery and a long-term optimal therapeutic outcome.
results
The patients were followed up for between 6 months and 5 years (mean, 2.5 years). The outcome of hip contracture correction was good in all patients.
According to the assessment criteria (Table 1) , all 1059 patients achieved excellent results between 1 week and 9 months, with a mean of 2.6 weeks for type A, 3.2 weeks for type B, 3.5 weeks for type C1, and 11.5 weeks for type C2 (Table 2) .
No mortality or other long-term complications, such as permanent gluteal muscle weakness, or secondary neurovascular injury, such as sciatic nerve or femoral neurovasculature, occurred in the series. Short-term postoperative problems included pain, swelling, keloid formation of the surgical side, shuffling gait, muscular weakness around the hip joint, and asymmetric recovery in patients with bilateral hip involvement. All were usually resolved within 6 weeks to 6 months postoperatively.
One woman and 2 men developed a sudden painful hematoma 7 to 10 days postoperatively. The predisposing fac- Table 1 Evaluation Criteria for Gluteal Muscle Contracture tor was sudden and rapid hip flexion and extension with the knees closed (during standing from the toilet in 2 cases and sitting on a chair in 1 case), leading to rupture of a circumflex femoral arterial branch at the neck of the femur. All 3 patients were treated successfully with explorative emergency surgery, during which a 3-cm longitudinal incision was made at the site of the tip of the greater trochanter. The bleeding arterial branch was identified and ligated. The 3 patients were rehabilitated as per the guidelines and achieved excellent outcomes within 1, 3, and 6 weeks, respectively. No such complication occurred beyond 10 days postoperatively. This uncommon but possible complication was disclosed to the patients, and the importance of gradual squatting and sitting during the first 3 weeks of postoperative rehabilitation was emphasized (Tables 1, 2) .
discussion
Gluteal muscle contracture appears to be caused by multiple factors. A history of repeated intramuscular injections has been recognized as the most common factor in gluteal muscle contracture. 1 Intramuscular penicillin therapy for febrile conditions has been a common medical practice in China since 1970. 10, 11 Gluteal muscle contracture is not uncommon in patients treated with intramuscular penicillin. 12, 13 Genetics may also play a role in the pathogenesis of gluteal muscle contracture because relatives of patients with gluteal muscle contracture are also at a higher risk of developing gluteal muscle contracture. 5 Wolbrink et al 4 reported a 9-year-old girl with an abduction contracture of the shoulders and hips secondary to fibrous bands and observed that the girl's mother had a less severe form of the same condition (a minimal abduction contracture in the arms).
The current authors postulated the most likely causative event in their series. First, either a large volume of agents or an irritating agent, such as benzyl penicillin, was administered to the gluteal region of the patient, commonly a febrile infant or child, in a repeated manner. Injections were usually twice a day over a period of 1 week. The resulting increased tissue pressure after injection and muscle inflammation could lead to compartment syndrome, resulting in tissue necrosis and fibrosis. Second, children who later developed gluteal muscle contracture were subjected to frequent courses of intramuscular penicillin due to frequent fevers. Fever is the reflection of a systemic inflammatory state in the body. Such a patient would be at higher risk of developing fibrous contractures and not exercising due to muscular pain and swelling.
Because gluteal muscle contracture usually begins in early childhood, the fibrotic contraction bands would not grow with other normal skeletal elements. The gluteal muscle contracture would become progressively worse and the child may move from type A to type C with age. The authors' clinical experience, in addition to other reports, 14 has shown that treatment with physical therapy 7 has limited efficacy once contraction bands have formed.
Standard treatment with the arthroscopic method has been associated with extensive surgical trauma, unpleasant cosmetic results, wound dehiscence during rehabilitation, and technical difficulties and limitations. The authors designed a minimally invasive surgical method for the treatment of gluteal muscle contracture to ensure the safety of the adjacent neurovascular structures. The vertical plane through the line joining points C and D should not be crossed anteriorly and medially to avoid injury to the femoral neurovascular bundle, the lateral cutaneous nerve of thigh, and the lateral femoral circumflex vessels. The horizontal plane through the line joining points A and B should not be crossed posteriorly (the blade will be stopped medially by the bony component of the femur) to avoid injury to the sciatic nerve. The hip must be flexed, adducted, and internally rotated when the scar release is performed through the incisions made at point A or B to trap the sciatic nerve medial to the greater trochanter. The hip must be extended to the neutral 0° position when the scar release is performed through the incisions made at point C or D.
Early postoperative rehabilitation is essential for drainage of and prevention of development of wound hematoma and for rapid functional recovery. Movement must be performed gradually within the first 3 weeks to avoid injury to the surgical site during the healing period. Strenuous rehabilitation exercises are required after 
